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(54) A transmission power control apparatus for a mobile communication system 


(57) A transmission power control apparatus capa- 
ble of reducing interference, in a mobile communication 
adopting the CDMA system, with other communications 
by decreasing transmission power in one direction of 
channel taking communication quality of other channel 
of direction into account is provided. A reverse channel 
error rate judgment section forjudging a communication 
quality of the reverse channel by a reverse channel 
frame error rate detected and a forward channel error 
rate judgment section for judging a communication qual- 
ity of the forward channel by a forward channel frame 
error rate reported by a mobile terminal are provided in 


the radio base station. The forward channel error rate 
judgment section, when detected, reports the state of 
communication degradation of own direction of channel 
to the reverse channel error rate judgment section 
which, in turn, controls to instruct the mobile terminal to 
decrease transmission power of the reverse channel. 
When communication degradation is detected by the 
reverse channel error rate judgment section, the state is 
reported to the forward channel error rate judgment sec- 
tion to control to decrease transmission power of the for- 
ward channel. 
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Description 

This invention relates to a transmission power con- 
trol apparatus for a mobile communication system, and 
more particularly, to a transmission power control appa- 5 
ratus for controlling a transmission power of radio sig- 
nals taking respective radio communication qualities of 
a forward channel (a channel direction from a radio 
base station to a mobile terminal) and a reverse channel 
(a channel direction from a mobile terminal to a radio 10 
base station) in a mobile communication system, in 
which the code division multiple access (CDMA) system 
is used for a communication between a radio base sta- 
tion and a mobile terminal, into consideration. 

One example of conventional device configuration 15 
related to a transmission power control in a radio base 
station of a mobile communication system using the 
CDMA system is disclosed in a literature, "An Overview 
of the Application of Code Division Multiple Access 
(CDMA) to Digital Cellular Systems and Personal Cellu- 20 
lar Networks." 

Fig. 11 is a block diagram illustrating such conven- 
tional device configuration, and its control operation is 
shown in Fig.s 12 and 13. Fig. 12 is aflowchart illustrat- 
ing a conventional control operation of the output signal 25 
power for the reverse channel and Fig. 13 is a flowchart 
of a conventional control operation of the output signal 
power for the forward channel respectively. 

In a transmission power control, two types of trans- 
mission power control are involved. One is a transmis- 30 
sion power control of radio signals for the reverse 
channel from the mobile terminal and another is a trans- 
mission power control of radio signals for the forward 
channel from the radio base station, and in the conven- 
tional transmission power contorl, these two types of 35 
transmission power control are performed independ- 
ently each other. 

The conventional transmission power control of 
radio signals for the reverse channel is described below 
with referring to Fig.s 1 1 and 12. 40 

In the radio base station, a reception field strength 
of received radio signals of the reverse channel is 
measured by a digital demodulating section 1 101 (Step 
1201), and then it is reported to a reception field 
strength judgment section 1104. In a decoder section 45 

1 102, an error of received data is detected (Step 1202), 
and then the result is reported to a reverse channel 
error rate judgment section 1 103. 

In the reverse channel error rate judgment section 

1 103, the reported result of the error detection is stored so 
for a certain period (for example two sec), and then a 
frame error rate is calculated based on the stored 
results (Step 1203 to 1205). In addition, in the reverse 
channel error rate judgment section 1 103, an expected 
frame error rate has been set previously and an 55 
expected reception field strength has been calculated 
based on the expected value of the frame error rate. 
Furthermore, in the reverse channel error rate judgment 


section 1103, the value of the expected reception field 
strength is modified based on the calculated frame error 
rate and new expected reception field strength is set 
(Step 1206), and then it is reported to the reception field 
strength judgment section 1 104. 

In the reception field strength judgment section 
1 104, when receiving radio signals from the mobile ter- 
minal, the expected reception field strength previously 
reported by the reverse channel error rate judgment 
section 1103 is compared with the reception field 
strength of the radio signals from the mobile terminal 
(the reverse channel) which has been measured and 
reported by the digital demodulating section 1 101 (Step 
1207). If the reception field strength is greater than the 
expected reception field strength, an instruction to 
decrease the transmission power of the mobile terminal 
is transferred to the mobile terminal by means of radio 
signals of the forward channel from the radio base sta- 
tion (Step 1209). If the reception field strength is smaller 
than the expected reception field strength, the instruc- 
tion to increase the transmission power of the mobile 
terminal is transferred to the mobile terminal in the 
same manner (Step 1208). 

The transmission power control for the forward 
channel is described below with referring to Figs 1 1 and 
13. 

In the mobile terminal, a frame error rate of the 
received radio signals of the forward channel is meas- 
ured. Then, the result of measurement is reported to the 
radio base station on the reverse channel at certain 
intervals (for example, two sec). In the radio base sta- 
tion, the decoder section 1102 obtains a frame error 
rate of radio signals of the forward channel which has 
been measured by the mobile terminal set in the 
received data (Step 1301), and then reports it to an out- 
put power control section 1 106. The output power con- 
trol section 1 1 06 stores the value of transmission power 
of the current radio base station, and when a frame 
error rate is reported by the decoder section 1102, it 
increases or decreases the transmission power by con- 
trolling an amplification adjustment section 1107 
according to the value of the frame error rate so that the 
frame error rate stays in a certain range (Steps 1302 to 
1303). 

In Japanese Non-examined Patent Publication No. 
7-030482, there is disclosed a technology that a radio 
base station measures a frame error rate of radio sig- 
nals of a reverse channel to control a transmission 
power of a radio base station and the mobile terminal 
measures a frame error rate of radio signals of a forward 
channel to control a transmission power of the mobile 
terminal. 

In a transmission power control in conventional 
technologies, a power of radio signals transmitted from 
the radio base station is controlled independently of a 
control of a power of radio signals transmitted from the 
mobile terminal. 

In a mobile communication using the CDMA sys- 
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tern, a channel is formed by a spread code modulation 
using the same frequency, whereby orthogonality 
between the codes is insufficient and therefore an inter- 
ference easily occurs between channels not only for dif- 
ferent cells but also for the same cell. Particularly, the 
reverse channel (from the mobile terminal to the radio 
base station) is effected by an interference level fluctua- 
tion or a deviation caused by a fading or a difference of 
propagation distances. 

If a radio communication quality of one of channels 
of the forward channel and the reverse channel is 
degraded, it is sufficient for a radio communication qual- 
ity of a channel in the other direction to have the same 
degraded level of communication quality, and it is better 
to cope with this occasion by moving a position of the 
mobile terminal or performing a hard-over operation or 
the like from a viewpoint of reducing interference in the 
case of a mobile communication adopting the CDMA 
system. In the transmission power control in the con- 
ventional technique, however, a channel in one direction 
is controlled independently of a channel in the other 
direction, and therefore a transmission power of a chan- 
nel whose radio communication quality is not degraded 
is kept without any changes, whereby radio signals may 
be transmitted with an excessive power in some circum- 
stances. 

Accordingly, if a radio communication quality of 
either a reverse channel or a forward channel is 
degraded and it is not improved, there is such a problem 
in a mobile communication adopting the CDMA system 
when applying a transmission power control in the con- 
ventional technology that excessive interference is 
given to a communication between another mobile ter- 
minal in the same cell or in an adjacent cell and the 
radio base station. 

According to the present invention, there is pro- 
vided a transmission power control apparatus of a 
mobile communication system which solves the prob- 
lems set forth above. In case of a continuous degrada- 
tion of a radio communication quality of a channel in one 
direction, according to the present invention, a transmis- 
sion power of radio signals of the other channel is 
decreased to avoid other communications from being 
interfered, in other words, a transmission power in each 
direction is controlled taking into consideration the state 
of the channel in the other direction. 

The present invention is a transmission power con- 
trol apparatus provided in a radio base station of a 
mobile communication system adopting a CDMA sys- 
tem. The mobile terminal, in the mobile communication 
system, includes a radio signal reception and transmis- 
sion device for radio communication with the radio base 
station, and a forward channel error measuring device 
for measuring a frame error rate of the forward channel 
radio signals from the radio base station so as to report 
it as a forward channel frame error rate to the radio base 
station. The radio base station includes a radio signal 
transmission and reception device for radio communica- 


tion with the mobile terminal, a reverse channel error 
detecting device for detecting received data errors of 
the reverse channel radio signals from the mobile termi- 
nal, and a reception field strength measuring device for 
5 measuring a reception field strength of the reverse 
channel radio signals. 

The transmission power control apparatus under 
above circumstances comprising: 

10 (1) a communication quality of the forward channel 
judging part for verifying communication quality of 
the forward channel based on the forward channel 
frame error rate reported from the mobile terminal, 
and judging a communication quality degradation 
is when the forward channel frame error rate reported 
being worse than a predetermined threshold value 
with expecting no improvement; and 
(2) a transmission power control part for controlling 
the transmission power of the forward channel 
20 based on the forward channel frame error rate 
reported, and controlling the transmission power of 
the reverse channel by providing instruction infor- 
mation of a transmission power increase to the 
mobile terminal when the reception field strength 
25 value actually having been measured being lower 
than an expected reception field strength value, 
based on the reverse channel frame error rate cal- 
culated, as the result of comparison, and providing 
instruction information of a transmission power 
30 decrease to the mobile terminal when the reception 
field strength value actually having been measured 
being higher than the expected reception field 
strength value, wherein the expected reception field 
strength value being set to a lower value than usual 
35 when having received the information of communi- 
cation quality degradation of the forward channel 
from the communication quality of the forward 
channel judging part. 

40 The transmission power control apparatus accord- 
ing to the present invention also comprising: 

(1) a forward channel transmission power controller 
for controlling a transmission power of the forward 
45 channel radio signals based on the forward channel 
frame error rate obtained by a report from the 
mobile terminal, judging communication quality of 
the forward channel based on the forward channel 
frame error rate, and outputting information of corn- 
so munication quality degradation of the forward chan- 
nel when judging result indicating the forward 
channel frame error rate being worse than a prede- 
termined threshold value and expecting no 
improvement; and 
55 (2) a reverse channel transmission power controller 
for comparing an expected reception field strength 
value, based on the reverse channel frame error 
rate calculated, with the reception field strength 
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value of the reverse channel radio signals actually 
having been measured, and providing instruction 
information of a transmission power increase to the 
mobile terminal when the reception field strength 
value actually having been measured being lower 5 
than the expected reception field strength value, 
and providing instruction information of a transmis- 
sion power decrease to the mobile terminal when 
the reception field strength value actually having 
been measured being higher than the expected w 
reception field strength value, wherein the expected 
reception field strength value being set to a lower 
value than usual when having received the informa- 
tion of communication quality degradation of the 
forward channel from the forward channel transmis- 15 
sion power controller. 

The transmission power control apparatus accord- 
ing to the present invention also comprising: 

20 

(1) a communication quality judging part for verify- 
ing communication quality of the forward channel 
based on the forward channel frame error rate 
reported from the mobile terminal and judging a 
communication quality of the forward channel deg- 25 
radation when the forward channel frame error rate 
reported being worse than a predetermined thresh- 
old frame error rate for the forward channel with 
expecting no improvement, and for verifying com- 
munication quality of the reverse channel based on 30 
a reverse channel frame error rate calculated by 
detected received data errors and judging a com- 
munication quality of the reverse channel degrada- 
tion when the reverse channel frame error rate 
calculated being worse than a predetermined 35 
threshold frame error rate for the reverse channel 
with continuing the same state for predetermined 
periods of timing; and 

(2) a transmission power control part for controlling 

the transmission power of the forward channel, 40 
based on the forward channel frame error rate 
reported, with setting a lower value than usual 
when having received information of a degraded 
communication quality of the reverse channel from 
the communication quality judging part, and con- 45 
trolling the transmission power of the reverse chan- 
nel by providing instruction information of a 
transmission power increase to the mobile terminal 
when the reception field strength value actually 
having been measured being lower than an 50 
expected reception field strength value, based on 
the reverse channel frame error rate calculated, as 
the result of comparison, and providing instruction 
information of a transmission power decrease to 
the mobile terminal when the reception field 55 
strength value actually having been measured 
being higher than the expected reception field 
strength value, wherein the expected reception field 


strength value being set to a lower value than usual 
when having received information of communica- 
tion quality degradation of the forward channel from 
the communication quality judging part. 

The transmission power control apparatus accord- 
ing to the present invention also comprising: 

(1) a forward channel transmission power controller 
for controlling a transmission power of the forward 
channel radio signals based on the forward channel 
frame error rate, obtained by a report from the 
mobile terminal, with setting a lower value than 
usual when having received information of a 
degraded communication quality of the reverse 
channel, judging communication quality of the for- 
ward channel based on the forward channel frame 
error rate, and outputting information of communi- 
cation quality degradation of the forward channel 
when judging result indicating the forward channel 
frame error rate being worse than a predetermined 
threshold frame error rate of the forward channel 
and expecting no improvement; and 

(2) a reverse channel transmission power controller 
for comparing an expected reception field strength 
value, based on the reverse channel frame error 
rate calculated, with the reception field strength 
value of the reverse channel radio signals actually 
having been measured, and providing instruction 
information of a transmission power increase to the 
mobile terminal when the reception field strength 
value actually having been measured being lower 
than the expected reception field strength value, 
providing instruction information of a transmission 
power decrease to the mobile terminal when the 
reception field strength value actually having been 
measured being higher than the expected reception 
field strength value, wherein the expected reception 
field strength value being set to a lower value than 
usual when having received the information of com- 
munication quality degradation of the forward chan- 
nel, judging communication quality of the reverse 
channel based on the reverse channel frame error 
rate calculated, and outputting information of com- 
munication quality degradation of the reverse chan- 
nel when judging result indicating the reverse 
channel frame error rate being worse than a prede- 
termined threshold frame error rate of the reverse 
channel and continuing the same state for predeter- 
mined periods of timing. 

The transmission power control apparatus accord- 
ing to the present invention also comprising: 

(1) a communication quality judging part for verify- 
ing communication quality of the forward channel 
based on the forward channel frame error rate 
reported from the mobile terminal and judging a 
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communication quality of the forward channel deg- 
radation when the forward channel frame error rate 
reported being worse than a predetermined thresh- 
old frame error rate for the forward channel with 
expecting no improvement, and for verifying com- 5 
munication quality of the reverse channel based on 
a reverse channel frame error rate calculated by 
detected received data errors and judging a com- 
munication quality of the reverse channel degrada- 
tion when the reverse channel frame error rate w 
calculated being worse than a predetermined 
threshold frame error rate for the reverse channel 
with continuing the same state for predetermined 
periods of timing; and 

(2) a transmission power control part for controlling 15 
the transmission power of the forward channel, 
based on the forward channel frame error rate 
reported, with setting a lower value than usual 
when having received information of a degraded 
communication quality of the reverse channel, and 20 
when having received information of a degraded 
communication quality of the forward channel 
regardless of communication quality of the reverse 
channel, from the communication quality judging 
part, and controlling the transmission power of the 25 
reverse channel by providing instruction information 
of a transmission power increase to the mobile ter- 
minal when the reception field strength value actu- 
ally having been measured being lower than an 
expected reception field strength value, based on so 
the reverse channel frame error rate calculated, as 
the result of comparison, and providing instruction 
information of a transmission power decrease to 
the mobile terminal when the reception field 
strength value actually having been measured 35 
being higher than the-expected reception field 
strength value, wherein the expected reception field 
strength value being set to a lower value than usual 
when having received information of communica- 
tion quality degradation of the forward channel, and 40 
when having received information of communica- 
tion quality degradation of the reverse channel 
regardless of communication quality of the forward 
channel, from the communication quality judging 
part. 45 

The transmission power control apparatus accord- 
ing to the present invention also comprising: 

(1) a forward channel transmission power controller 50 
for judging communication quality of the forward 
channel based on the forward channel frame error 
rate, outputting information of communication qual- 
ity degradation of the forward channel when judging 
result indicating the forward channel frame error 55 
rate being worse than a predetermined threshold 
frame error rate of the forward channel and expect- 
ing no improvement, and controlling a transmission 


8 

power of the forward channel radio signals based 
on the forward channel frame error rate, obtained 
by a report from the mobile terminal, with setting a 
lower value than usual when having received infor- 
mation of a degraded communication quality of the 
reverse channel, and when having judged commu- 
nication quality of the forward channel being 
degraded regardless of communication quality of 
the reverse channel; and 

(2) a reverse channel transmission power controller 
for judging communication quality of the reverse 
channel based on the reverse channel frame error 
rate calculated, outputting information of communi- 
cation quality degradation of the reverse channel 
when judging result indicating the reverse channel 
frame error rate being worse than a predetermined 
threshold frame error rate of the reverse channel 
and continuing the same state for predetermined 
periods of timing, comparing an expected reception 
field strength value, based on the reverse channel 
frame error rate calculated, with the reception field 
strength value of the reverse channel radio signals 
actually having been measured, providing instruc- 
tion information of a transmission power increase to 
the mobile terminal when the reception field 
strength value actually having been measured 
being lower than the expected reception field 
strength value, and providing instruction informa- 
tion of a transmission power decrease to the mobile 
terminal when the reception field strength value 
actually having been measured being higher than 
the expected reception field strength value, wherein 
the expected reception field strength value being 
set to a lower value than usual when having 
received the information of communication quality 
degradation of the forward channel, and when hav- 
ing judged communication quality degradation of 
the reverse channel regardless of communication 
quality of the forward channel. 

The transmission power control apparatus accord- 
ing to the present invention also comprising: 

(1) a forward channel error rate judgment section 
for obtaining the forward channel frame error rate 
reported by the mobile terminal, judging communi- 
cation quality of the forward channel based on the 
forward channel frame error rate obtained, and out- 
putting the forward channel frame error rate and 
information of communication quality degradation 
of the forward channel when judging the forward 
channel frame error rate being worse than a prede- 
termined threshold frame error rate of the forward 
channel and expecting no improvement; 

(2) a reverse channel error rate judgment section 
for calculating a reverse channel frame error rate 
based on received data errors detected, judging 
communication quality of the reverse channel 
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based on the reverse channel frame error rate cal- 
culated, outputting information of communication 
quality degradation of the reverse channel when 
judging result indicating the reverse channel frame 
error rate being worse than a predetermined 5 
threshold frame error rate of the reverse channel 
and continuing the same state for predetermined 
periods of timing, providing an expected reception 
field strength value based on the reverse channel 
frame error rate calculated, and outputting the 10 
expected reception field strength value with setting 
to a lower value than usual when having received 
the information of communication quality degrada- 
tion of the forward channel from the forward chan- 
nel error rate judgment section, and when having 75 
judged communication quality degradation of the 
reverse channel regardless of communication qual- 
ity of the forward channel; 

(3) a reception field strength judgment section for 
comparing the expected reception field strength 20 
value output from the reverse channel error rate 
judgment section with the reception field strength 
value of the reverse channel radio signals actually 
having been measured, and providing instruction 
information of a transmission power increase to the 25 
mobile terminal when the reception field strength 
value actually having been measured being lower 
than the expected reception field strength value and 
instruction information of a transmission power 
decrease to the mobile terminal when the reception 30 
field strength value actually having been measured 
being higher than the expected reception field 
strength value; and 

(4) an output power control section for controlling a 
transmission power of the forward channel radio 35 
signals based on the forward channel frame error 
rate output from the forward channel error rate judg- 
ment section with setting to a lower value than 
usual when having received information of commu- 
nication degradation of the reverse channel, and 40 
when having received information of communica- 
tion degradation of the forward channel regardless 

of communication quality of the reverse channel. 

The transmission power control apparatus accord- 45 
ing to the present invention further comprising a moving 
speed measuring part for measuring moving speed of 
the mobile terminal being communicating and output- 
ting one of moving speed information of a high speed 
mode or a normal speed mode; and wherein the com- so 
munication quality of the forward channel judging part 
being provided with two types of predetermined thresh- 
old values, for the normal speed mode and for the high 
speed mode respectively, for judging a communication 
quality degradation of the forward channel. 55 

The transmission power control apparatus accord- 
ing to the present invention also further comprising a 
subscriber priority judgment part for discriminating sub- 


scriber class of the mobile terminal being communicat- 
ing and outputting one of subscriber class information of 
a priority class or an ordinary class; and wherein the 
communication quality of the forward channel judging 
part being provided with additional two types of prede- 
termined threshold values, for the priority class and for 
the ordinary class respectively, for judging a communi- 
cation quality degradation of the forward channel. 

Fig. 1 is a block diagram illustrating a configuration 
of an embodiment of a transmission power control 
apparatus according to the present invention; 
Fig. 2 is a system concept diagram illustrating a 
concept of a configuration in a radio area of a radio 
base station and a mobile terminal of the present 
invention; 

Fig. 3 is a flow chart illustrating operations of trans- 
mission power controls executed by a forward 
channel error rate judgment section and a output 
power control section in Fig. 1 ; 
Fig. 4 is a flow chart illustrating operations of trans- 
mission power control for providing instructions to 
the mobile terminal executed by a reverse channel 
error rate judgment section and a reception field 
strength judgment section in Fig 1 ; 
Fig. 5 is a flow chart illustrating operations of trans- 
mission power controls in a second embodiment 
executed by the forward channel error rate judg- 
ment section and the output power control section 
in Fig. 1; 

Fig. 6 is a flow chart illustrating operations of trans- 
mission power control for providing instructions to a 
mobile terminal in the second embodiment exe- 
cuted by the reverse channel error rate judgment 
section and the reception field strength judgment 
section in Fig. 1 ; 

Fig. 7 is a flow chart illustrating operations of trans- 
mission power controls in a third embodiment exe- 
cuted by the forward channel error rate judgment 
section and the output power control section in Fig. 
1; 

Fig. 8 is a flow chart illustrating operations of trans- 
mission power control for providing instructions to a 
mobile terminal in the third embodiment executed 
by the reverse channel error rate judgment section 
and the reception field strength judgment section in 
Fig- 1; 

Fig. 9 is a block diagram illustrating a configuration 
of a fourth embodiment of a transmission power 
control apparatus according to the present inven- 
tion; 

Fig. 10 is a block diagram illustrating a configuration 
of a fifth embodiment of a transmission power con- 
trol apparatus according to the present invention; 
Fig. 1 1 is a block diagram illustrating a configuration 
of a transmission power control apparatus in a prior 
art; 

Fig. 12 is a flow chart illustrating operations of 
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transmission power control for providing instruc- 
tions to a mobile terminal in the prior art; and 
Fig. 13 is a flow chart illustrating operations of 
transmission power controls of a radio base station 
in the prior art. 

Referring to drawings, a constitution of a first 
embodiment of a transmission power control apparatus 
according to the present invention will be described. 

Referring to Fig. 1 , there is shown a block diagram 
illustrating a constitution of an apparatus in a radio base 
station of the transmission power control apparatus 
according to the present invention. Referring to Fig. 2, 
there is shown a system concept diagram illustrating a 
concept of a constitution in a radio area (cell) of a radio 
base station and a mobile terminal in the present inven- 
tion, representing a condition that the radio base station 
201 communicates with the mobile terminal 202 in the 
radio area L1 via radio signals by the CDMA system. 

A mobile terminal 202 used in the mobile communi- 
cation system basically includes a signal receiving and 
transmitting device for radio communication with the 
radio base station 201, i.e., receiving forward channel 
radio signals transmitted from the radio base station 
201 and transmitting reverse channel radio signals to 
the base station 201 , a forward channel error measuring 
device for measuring a frame error rate of the received 
forward channel radio signals and reporting the measur- 
ing result to the radio base station by reveres channel 
radio signals, and a reverse channel transmission 
power control device for controlling transmission power 
of reverse channel radio signals from the mobile termi- 
nal in accordance with instruction transmitted from the 
base station by forward channel radio signals. 

The radio base station 201 basically includes a sig- 
nal receiving and transmitting device for radio communi- 
cation with the mobile terminal 202, i.e., receiving 
reverse channel radio signals transmitted from the 
mobile terminal 202 and transmitting forward channel 
radio signals to the mobile terminal 202, a reverse chan- 
nel error detecting device for detecting received data 
errors of the reverse channel radio signals, and a recep- 
tion field strength measuring device for measuring a 
reception field strength of the reverse channel radio sig- 
nals. 

In Fig. 1, the transmission power control apparatus 
of the radio base station has a constitution of a func- 
tional section as described below. 

A digital demodulating section 101 digitizes 
received radio signals of the reverse channel from the 
mobile terminal and outputs digitized signals to a 
decoder section 102 described later. In addition, it 
measures a reception field strength of the receiving sig- 
nal and then outputs the measured value to a reception 
field strength judgment section 105 described later. 

The decoder section 105 performs a data error 
detection in a receiving signal digitized by the digital 
demodulating section 101, and outputs the result of 


detected errors to a reverse channel error rate judgment 
section 103 described later. It also extracts a frame 
error rate of forward channel radio signals which has 
been measured and reported by the mobile terminal, 

5 and outputs the result of extracted frame error rate to a 
forward channel error rate judgment section 104 
described later. 

A reverse channel error rate judgment section 103 
collects data errors in receiving signals reported by the 

10 decoder section 102, and calculates a reverse channel 
frame error rate. At the same time, based on the calcu- 
lated reverse channel frame error rate, the reverse 
channel error rate judgment section 103 calculates an 
expected reception field strength in the reverse channel, 

15 and outputs the result of calculation to the reception 
field strength judgment section 105 described later. 

The forward channel error rate judgment section 
104 performs a judgment processing of a frame error 
rate of forward channel radio signals reported through 

20 the decoder section 102, as set forth in the foregoing, 
and then reports the result of judgment to an output 
power control section 107 described later for transmis- 
sion power control of the forward channel radio signals. 
The reception field strength judgment section 105 

25 has a function to determine which instruction, a trans- 
mission power increase or decrease, is to be transmit- 
ted to the mobile terminal for transmission power control 
of the reverse channel radio signals, based on the 
expected reception field strength of the reverse channel 

30 calculated by the reverse channel error rate judgment 
section 103 and reception field strength of the receiving 
signal actually measured by the digital demodulating 
section 101. 

A selector section 1 06 piles up transmission data to 
35 be transmitted to the mobile terminal and the instruction 
data of transmission power alteration (increase or 
decrease) for the mobile terminal determined by the 
reception field strength judgment section 105, and then 
outputs the data signal to an amplification adjustment 
40 section 108 described later. 

The output power control section 107 controls a 
transmission power of forward channel radio signals 
which the radio base station transmits. 

The amplification adjustment section 108, which is 
45 controlled by the output power control section 107, per- 
forms an increase/decrease adjustment of signal power 
to be transmitted as the forward channel. 

Next, referring to Figs 1, 3 and 4, an operation of 
the transmission power control apparatus in the radio 
50 base station, as configured above, will be described. 

Referring to Fig. 3, there is shown a flow chart indi- 
cating an operation of transmission power control per- 
formed by the forward channel error rate judgment 
section 104 and the output power control section 107 in 
55 Fig. 1. 

In the radio base station, a value of the worst frame 
error rate allowable for radio communication by the for- 
ward channel is predetermined and set in the forward 
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channel error rate judgment section 104 as a threshold 
value. When controlling a transmission power of forward 
channel radio signals, the radio base station first 
extracts, in the decoder section 102, a forward channel 
frame error rate measured and reported by the mobile 
terminal, and then reports the value of extracted frame 
error rate to the forward channel error rate judgment 
section 104 (Step 301). The forward channel error rate 
judgment section 104 stores the reported forward chan- 
nel frame error rate, which is then compared with the 
threshold value preset in the forward channel error rate 
judgment section 104 at an interval of a predetermined 
period (for example, 2 seconds) (Step 302). If, as the 
result, the value of reported frame error rate is exceed- 
ing the threshold, the forward channel error rate judg- 
ment section 104, then, confirms whether the current 
transmission power of the radio base station is the max- 
imum or not (Step 303). If the current transmission 
power of the radio base station is the maximum, the for- 
ward channel error rate judgment section 104 judges 
that the frame error rate of the forward channel cannot 
be improved any more, thus reporting the result to the 
reverse channel error rate judgment section 1 03 indicat- 
ing that communication quality of the forward channel 
being degraded (Step 304). After Steps 301 to 304 are 
completed, the forward channel error rate judgment 
section 104 reports the detected forward channel frame 
error rate to the output power control section 107, which 
then performs a transmission power alteration of the for- 
ward channel based on the reported forward channel 
frame error rate (Step 305). The radio base station 
transmits radio signals with a transmission power 
according to the value alternated by the output power 
control section 107. 

In other words, if it has received a report that a 
frame error rate of the forward channel was unfavorable, 
the transmission power of the forward channel is to be 
increased for improvement; if it has received a report 
that a frame error rate was too favorable, the transmis- 
sion power of the forward channel is to be decreased in 
order to reduce interference with other communication. 
Naturally, if a transmission power reaches the maximum 
value, the transmission power cannot be increased any 
more even if the frame error rate is unfavorable. 

Referring to Fig. 4, there is shown a flow chart indi- 
cating an operation of a transmission power control 
instruction of the reverse channel to be transmitted to 
the mobile terminal performed by the reverse channel 
error rate judgment section 103 and the reception field 
strength judgment section 105. 

In order to control a transmission power of the 
reverse channel radio signals, the radio base station 
measures states of the reverse channel and gives nec- 
essary instructions to the mobile terminal taking other 
factors, which will be described later, into account for 
transmission power alteration. 

The radio base station, by the digital demodulating 
section 101, measures the reception field strength of 


received radio signals from the mobile terminal, and 
then reports the measured result to the reception field 
strength judgment section 105 (Step 401). Among sig- 
nals digitized by the digital demodulating section 101, 

5 an error detection is performed by the decoder section 
102, and the error detection result is reported to the 
reverse channel error rate judgment section 103 (Step 
402). The reverse channel error rate judgment section 
103 stores the error detection result for a certain period 

10 (for example, 2 seconds), after which (Step 403), it cal- 
culates a frame error rate as the reverse channel frame 
error rate (Step 405). After calculating the reverse chan- 
nel frame error rate, the reverse channel error rate judg- 
ment section 103 confirms whether there has been a 

is report from the forward channel error rate judgment 
section 104 indicating that communication quality of the 
forward channel is being degraded, as described above 
(Step 406). 

If no such a report has been received, the reverse 

20 channel error rate judgment section 103 provides an 
expected reception field strength of the reverse channel 
based on the calculated frame error rate of the reverse 
channel (Step 408). If the report has been received, the 
reverse channel error rate judgment section 103 alters 

25 the value of expected reception field strength of the 
reverse channel to lower value than a normal one which 
was supposed to be provided based on the calculated 
frame error rate (Step 407). 

The expected reception field strength, provided by 

30 the reverse channel error rate judgment section 103, is 
reported to the reception field strength judgment section 
105 as a target value of the reception field strength for 
judging communication quality of the reverse channel. 
The reception field strength judgment section 105 com- 

35 pares the reception field strength of the reverse channel 
radio signals, actually measured by the digital demodu- 
lating section 101, with the expected reception field 
strength, provided by the reverse channel error rate 
judgment section 103 (Step 409). If the reception field 

40 strength actually measured is lower than the expected 
reception field strength, the reception field strength 
judgment section 105 judges that communication qual- 
ity of the reverse channel is degraded and it is neces- 
sary to instruct a transmission power increase to the 

45 mobile terminal (Step 410) for improving communica- 
tion quality of the reverse channel. On the other hand, if 
the reception field strength actually measured is higher 
than the expected reception field strength, it judges that 
communication quality of the reverse channel is too 

so favorable and it is necessary to instruct a transmission 
power decrease to the mobile terminal for avoiding 
other communications from being radio interfered (Step 
411). 

The reception field strength judgment section 105, 
55 then, outputs the transmission power alteration instruc- 
tion (power increase or power decrease) to the mobile 
terminal to the selector section 106. The selector sec- 
tion 106 piles up the instruction to transmission data for 
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the mobile terminal, and outputs radio signals as the for- 
ward channel, thus reporting it to the mobile terminal. 

In the above control operations, when it is apparent 
that the forward channel frame error rate is no longer 
improved and communication quality of the forward 
channel is degraded, a lower value of the expected 
reception field strength is provided than the normal 
case; therefore reception field strength actually meas- 
ured tends to exceeds the expected reception field 
strength, and then the instruction of transmission power 
alteration tends to move to a decreasing direction. As a 
result, the transmission power of the mobile terminal 
becomes smaller than the normal one. 

In addition, in the operation of providing the 
expected reception field strength, it may also be possi- 
ble to confirm communication quality of the forward 
channel after the expected reception field strength is 
determined beforehand and then modifying the value of 
the expected reception field strength according to the 
confirmed result. 

Thus, in the first embodiment of the present inven- 
tion, it is possible to perform the transmission power 
control for avoiding as much interference with other 
communications as possible by not increasing a power 
of radio signals of the reverse channel if it is judged that 
a degraded communication quality in the forward chan- 
nel stays unimproved. 

Next, referring to Figs 1, 5 and 6, a second embod- 
iment of a transmission power control apparatus 
according to the present invention will be described. 

The configuration of the apparatus in the radio base 
station is the same as that of the first embodiment, 
which is shown in Fig. 1 . Referring to Figs 5 and 6, there 
are shown flow charts of operations of the second 
embodiment; Fig.5 shows an operation related to a 
transmission power control of the forward channel radio 
signals transmitted by a radio base station, and Fig.6 
shows an operation related to a transmission power 
control of the reverse channel radio signals transmitted 
by a mobile terminal, which is instructed from the radio 
base station to the mobile terminal. 

First, referring to Fig. 5, an explanation will be made 
below for a transmission power control of the radio sig- 
nals in a forward channel which are transmitted by the 
radio base station. 

In the radio base station, the forward channel error 
rate judgment section 1 04 has the predetermined worst 
frame error rate allowable for communication as the 
threshold value of the forward channel frame error rate. 

When controlling a transmission power of forward 
channel radio signals transmitted from the radio base 
station to the mobile terminal, the radio base station first 
extracts, in the decoder section 102, a forward channel 
frame error rate measured and reported by the mobile 
terminal, and then reports the result value to the forward 
channel error rate judgment section 104 (Step 501). 

The forward channel error rate judgment section 
104 stores the reported frame error rate, which is then 


compared with the threshold value which is the worst 
frame error rate allowable for communication at an inter- 
val of a predetermined period (for example, 2 seconds) 
(Step 502). 

5 If, as a result, the reported frame error rate value 
exceeds the threshold value, the forward channel error 
rate judgment section 104 confirms whether the radio 
base station is currently transmitting radio signals in the 
maximum power or not (Step 503). If the radio base sta- 

10 tion is transmitting in the maximum power, the forward 
channel error rate judgment section 1 04 judges that the 
forward channel frame error rate cannot be improved 
any more, thus reporting the result, that communication 
quality of the forward channel is degraded, to the 

15 reverse channel error rate judgment section 103 (Step 
504). 

After Steps 501 to 504 are completed, the forward 
channel error rate judgment section 104 reports the 
extracted forward channel frame error rate to the output 

20 power control section 107. 

The output power control section 107 then deter- 
mines a transmission power of the radio base station, 
based on the forward channel frame error rate reported 
by the forward channel error rate judgment section 1 04, 

25 and, at the same time, confirms whether the reverse 
channel error rate judgment section 103 has reported, 
as described later, that communication quality of the 
reverse channel is degraded and cannot be improved 
(Step 505). If the output power control section 107 has 

30 not received such a report, it determines a transmission 
power only based on the forward channel frame error 
rate as the normal way (Step 507). However, if it has 
received the report, the output power control section 
1 07 determines that a value of transmission power is to 

35 be lower than usual value which is determined only by 
the forward channel frame error rate (Step 506). 

Then, the amplification adjustment section 108 
adjusts the amplification of radio signals transmitted 
from the radio base station according to the value deter- 

40 mined as described above. 

The above control operations may also be per- 
formed by determining a transmission power value first, 
and then confirming whether degraded communication 
quality of the reverse channel cannot be improved or 

45 not. And, if it is confirmed that degraded communication 
quality of the reverse channel cannot be improved, the 
value of transmission power is to be modified to a lower 
value than usual. 

Next, referring to Fig. 6, an operation related to a 

50 transmission power control to be instructed to the 
mobile terminal will be described. 

The reverse channel error rate judgment section 
103 in the radio base station has the predetermined 
worst frame error rate allowable for communication as 

55 the threshold value of a reverse channel frame error 
rate and a continuous degradation counter with an 
upper threshold of the counter value. 

The radio base station, in the same manner as for 
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the first embodiment, performs an error detection in 
received radio signals from the mobile terminal by the 
decoder section 102, and the result of the error detec- 
tion is reported to the reverse channel error rate judg- 
ment section 103. The reverse channel error rate 
judgment section 103 calculates a reverse channel 
frame error rate after a predetermined period of timing 
(for example, 2 seconds) (Step 601 to 605). 

Next, the reverse channel error rate judgment sec- 
tion 103 compares the calculated reverse channel 
frame error rate with the threshold value of the reverse 
channel frame error rate (Step 606), and, if the reverse 
channel frame error rate value exceeds the threshold, 
the continuous degradation counter is incremented 
(Step 607). Otherwise, the reverse channel error rate 
judgment section 103 resets the continuous degrada- 
tion counter to zero (Step 608). Then, after setting the 
continuous degradation counter, the reverse channel 
error rate judgment section 103 compares the counter 
value with the preset upper threshold of the continuous 
degradation counter (Step 609). If the value of the con- 
tinuous degradation counter exceeds the upper limit of 
the threshold value of the continuous degradation coun- 
ter, the reverse channel error rate judgment section 103 
judges that communication quality of the reverse chan- 
nel is being degraded and cannot be improved, and 
then reports the judgment to the output power control 
section 107 (Step 610). 

Subsequently, the reverse channel error rate judg- 
ment section 103 confirms whether it has received, from 
the forward channel error rate judgment section 1 04, the 
report of quality degradation of the forward channel as 
described above (Step 61 1). 

If the report has not been received, the reverse 
channel error rate judgment section 103 determines an 
expected reception field strength, as a target value of 
reception field strength for judging communication qual- 
ity of the reverse channel, based on the reverse channel 
frame error rate (Step 613). If the report has been 
received, the reverse channel error rate judgment sec- 
tion 103 alters the value of the expected reception field 
strength to be determined based on the reverse channel 
frame error rate to a lower value than the normal one 
(Step 612). 

The expected reception field strength determined 
by the reverse channel error rate judgment section 103 
is provided to the reception field strength judgment sec- 
tion 105. The reception field strength judgment section 
1 05 compares the reception field strength of the reverse 
channel radio signals, actually measure and reported by 
the digital demodulating section 101, with the expected 
reception field strength, which is provided by the 
reverse channel error rate judgment section 103 as the 
target value for judging communication quality of the 
reverse channel (Step 614). 

If the reception field strength actually measured is 
lower than the expected reception field strength, the 
reception field strength judgment section 105 deter- 


mines to instruct a transmission power increase to the 
mobile terminal (Step 615), as communication quality of 
the reverse channel is judged not being favorable and to 
be improved. If the reception field strength actually 

5 measured is higher than the expected reception field 
strength, it determines to instruct a transmission power 
decrease to the mobile terminal as communication 
quality of the reverse channel is too favorable and radio 
interferences to other communications are to be 

10 avoided (Step 611). 

The reception field strength judgment section 105 
reports to the selector section 106 an instruction of a 
transmission power increase or decrease to the mobile 
terminal, which has been determined in Step 615 or 

15 616. Then the selector section 106 piles up transmis- 
sion data and the reported transmission power 
increase/decrease instruction to the mobile terminal, 
and outputs as a signal of a forward channel, thus 
reporting it to the mobile terminal. 

20 In the above control operations, when it is apparent 
that communication quality of the forward channel frame 
is no longer improved, a lower value of the expected 
reception field strength is provided than the normal 
case; therefore reception field strength actually meas- 

25 ured tends to exceeds the expected reception field 
strength, and then the instruction of transmission power 
alteration tends to move to a decreasing direction. As a 
result, the transmission power of the mobile terminal 
becomes smaller than the normal one. 

30 Thus, in the second embodiment of the present 
invention, it is possible to perform the transmission 
power control for avoiding as much interference with 
other communications as possible by not increasing a 
power of radio signals of own direction of channel if it is 

35 judged that a degraded communication quality in the 
other direction of channel stays unimproved. 

Subsequently, a third embodiment of a transmis- 
sion power control apparatus according to the present 
invention will be described with reference to Figs 1, 7 

40 and 8. 

The configuration of the apparatus in a radio base 
station is the same as for the first embodiment. There- 
fore, for information about the configuration, refer to Fig. 
1 . Figs. 7 and 8 are flow charts illustrating operations of 

45 the third embodiment, covering an operation related to 
the transmission power control of radio signals in the 
forward channel and the reverse channel respectively. 

First, referring to Fig. 7, an explanation will be made 
for the transmission power control of radio signals in the 

so forward channel transmitted by the radio base station. 
A forward channel error rate judgment section 104 
in the radio base station, in the same manner as for the 
transmission power control described in the first embod- 
iment, compares a forward channel frame error rate 

55 extracted by a decoder section 102 with a predeter- 
mined threshold value which is the worst frame error 
rate allowable for communication in the forward channel 
(Steps 701 and 702). 
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If, as the result, the value of the forward channel 
frame error rate exceeds the threshold value, the for- 
ward channel error rate judgment section 104 confirms 
whether the current transmission power of the radio 
base station is the maximum output or not (Step 703). 

If the current transmission power is the maximum 
output, the forward channel error rate judgment section 
1 04 judges that the frame error rate in the forward chan- 
nel cannot be improved any more, thus reporting the 
result, communication quality of the forward channel is 
degraded, to the reverse channel error rate judgment 
section 1 03 (Step 704). In this case, To the output power 
control section 107, the forward channel error rate judg- 
ment section 104 reports that a value of the transmis- 
sion power should be set to a value lower than a normal 
one which is determined based on the forward channel 
frame error rate whether or not a report has been 
received that the quality of the reverse channel being 
degraded. The output power control section 107 sets 
the transmission power to a value lower than the normal 
one according to the specification (Step 705) and then 
transmits radio signals of the forward channel from the 
radio base station. 

If the current transmission power is not the maxi- 
mum output, the forward channel error rate judgment 
section 104 reports it and the forward channel frame 
error rate to the output power control section 107. The 
output power control section 107 sets a transmission 
power of the radio base station based on the forward 
channel frame error rate reported by the forward chan- 
nel error rate judgment section 104; at this point, the 
output power control section 107 confirms whether it 
has received a report from the reverse channel error 
rate judgment section 103, as described later, that the 
degraded reverse channel frame error rate cannot be 
improved (Step 706). The output power control section 
107, if it has not received, sets a transmission power 
based on the forward channel frame error rate (Step 
708). The output power control section 107, if it has 
received, specifies a value lower than a normal one 
when setting a transmission power, based on the for- 
ward channel frame error rate (Step 707). 

Subsequently, referring to Fig. 8, an operation 
related to a transmission power control for the mobile 
terminal will be described. 

In the same manner as the transmission power 
control for the mobile terminal in the radio base station 
described in the second embodiment, the reverse chan- 
nel error rate judgment section 103 of the radio base 
station has a predetermined value of the worst frame 
error rate, which is allowable for communication in the 
reverse channel, as the threshold value and a continu- 
ous degradation counter with its threshold of the coun- 
ter value indicating that reverse channel being 
degraded. 

The reverse channel error rate judgment section 
103 calculates an reverse channel frame error rate after 
a predetermined period (for example, 2 seconds) and 


compares it with the threshold value of the reverse 
channel frame error rate. If the comparison result of the 
frame error rate is worse than the threshold value, the 
continuous degradation counter is incremented, on the 

5 other hand, if the comparison result is better than the 
threshold value, the continuous degradation counter is 
reset to zero so as to judge later whether the degrada- 
tion of frame error rate detected is just a temporary state 
or continuing state (Steps 801 to 808). 

10 Then, the value of the continuous degradation 
counter is compared with the threshold value of the con- 
tinuous degradation counter which is the limit value for 
indicating that the quality of the reverse channel is being 
degraded (Step 809). The reverse channel error rate 

is judgment section 103 judges that the reverse channel 
frame error rate cannot be improved if the continuous 
degradation counter value exceeds the threshold value 
of the continuous degradation counter and reports it to 
the output power control section 107 (Step 810), and 

20 then sets a expected reception field strength to a value 
lower than a normal one regardless of a report that the 
quality of the forward channel is degraded (Step 81 1). 

Subsequently, the reverse channel error rate judg- 
ment section 103 confirms whether it has received, from 

25 the forward channel error rate judgment section 104, the 
report that the forward channel is degraded or not as 
described above (Step 812). 

If the report has not been received, the reverse 
channel error rate judgment section 103 sets the 

30 expected reception field strength based on the reverse 
channel frame error rate (Step 814). If the report has 
been received, the reverse channel error rate judgment 
section 103 sets the expected reception field strength 
based on the reverse channel frame error rate to a value 

35 lower than the normal one (Step 813). 

After setting the expected reception field strength, 
the reverse channel error rate judgment section 103 
reports the expected reception field strength to the 
reception field strength judgment section 105. The 

40 reception field strength judgment section 105 compares 
the reception field strength of the reverse channel radio 
signals, which is reported by the digital demodulating 
section 101, with the expected reception field strength, 
which is reported by the reverse channel error rate judg- 

45 ment section 1 03 (Step 815). 

As the result of comparison, if the reception field 
strength is lower than the expected reception field 
strength, the reception field strength judgment section 
105 determines to specify a transmission power 

50 increase for the mobile terminal (Step 816), and if the 
reception field strength is higher than the expected 
reception field strength, it determines to specify a trans- 
mission power decrease for the mobile terminal (Step 
817). The reception field strength judgment section 105 

55 reports to the selector section 106 an 
increase/decrease instruction of a transmission power 
to the mobile terminal, which is determined in Step 816 
or 81 7. 
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Then the selector section 106 piles up transmission 
data and the reported transmission power 
increase/decrease instruction to the mobile terminal, 
and outputs as a signal of the forward channel, thus 
reporting it to the mobile terminal. 

Thus, in the third embodiment of the present inven- 
tion, the communication quality of each of directions of 
the forward channel and the reverse channel are judged 
respectively, and then if it is judged that the degraded 
communication quality in the own channel (the forward 
channel or the reverse channel) stays unimproved, it is 
possible to perform a control for avoiding as much inter- 
ference with other communications as possible by 
decreasing transmission power of radio signals of the 
own channel (the forward channel or the reverse chan- 
nel) regardless of a degradation state of a communica- 
tion quality of other channel (the reverse channel or the 
forward channel). 

Next, referring to Fig. 9, a fourth embodiment of a 
transmission power control apparatus according to the 
present invention will be described. 

Referring to Fig. 9, there is shown a block diagram 
illustrating a constitution of a transmission power control 
apparatus in a radio base station, in which a digital 
demodulating section 901, a decoder section 902, a 
reverse channel error rate judgment section 903, a for- 
ward channel error rate judgment section 904, a recep- 
tion field strength measuring section 905, a selector 
section 906, a output power control section 907, and an 
amplification adjustment section 909 have the similar 
functions respectively as functional blocks of the config- 
uration shown in Fig. 1 except for later-described points. 

In the configuration of this embodiment, there is 
provided a moving speed measuring section 908, which 
has functions of measuring a time transition of a recep- 
tion field strength received from a mobile terminal, of 
estimating a speed of the mobile terminal by extracting 
characteristic speed factors, and of classifying mobile 
terminals under communication into two moving modes, 
a high-speed moving mode and a normal-speed moving 
mode, so as to output the information. 

The reverse channel error rate judgment section 
903 of the radio base station has a predetermined value 
of the worst frame error rate, which is allowable for com- 
munication in the reverse channel, as the threshold 
value and a continuous degradation counter with its 
threshold of the counter value indicating that reverse 
channel being degraded, for the normal-speed moving 
mode and for the high-speed moving mode respectively. 
The forward channel error rate judgment section 904 
has a predetermined value of the worst frame error rate, 
which is allowable for communication in the forward 
channel, as the threshold value for the normal-speed 
moving mode and for the high-speed moving mode 
respectively. 

It is a measure taken for such a case that a degra- 
dation of communication quality of radio signals is 
sometimes effected by the geographical features such 


as a mountainous area, a plain area of country side or a 
city area, etc. If the mobile terminal is moving at a high 
speed, it is anticipated that the mobile terminal stays in 
the same area just temporarily, and therefore even if a 

5 degradation of the communication quality is detected at 
that point, there is a lot of possibilities that it returns to a 
previous normal quality level after passing through such 
area. From this point of view, it is not preferable to 
degrade a quality of a channel in the other direction as 

10 described above with judging it uniformly to be a degra- 
dation of a communication quality. 

Accordingly, although a transmission power control 
is performed in the method as described above in the 
normal-speed moving mode, a threshold for a judgment 

is of a quality degradation is set to a relatively high level 
with the control operations as described above for a 
mobile terminal in the high-speed moving mode, so that 
such a state that is judged to be a quality degradation in 
the normal-speed mode is not judged to be a quality 

20 degradation in the high-speed moving mode. 

Instead, it is possible to apply a method of changing 
a calculation period of an error rate with the same 
threshold in both modes, for example a calculation 
period of an error rate for the high-speed moving mode 

25 is set to longer period than the normal-speed mode so 
as to prevent a communication quality from being 
judged to be degraded immediately after a deterioration 
of an error rate actually occurs. 

In this manner, there are provided two types of 

30 judgment means, the normal-speed moving mode and 
the high-speed moving mode, for the reverse channel 
error rate judgment section 903 and the forward channel 
error rate judgment section 904. 

The radio base station discriminates between the 

35 high-speed moving mode and the normal-speed moving 
mode of mobile terminals in the moving-speed judg- 
ment section 908 during communication with the mobile 
terminals, and then reports the information to both the 
reverse channel error rate judgment section 903 and the 

40 forward channel error rate judgment section 904. Also, 
when a change of the moving mode of a mobile terminal 
is detected from the normal-speed moving mode to the 
high-speed moving mode or from the high-speed mov- 
ing mode to the normal-speed moving mode, the mov- 

45 ing speed judgment section 908 reports the moving 
mode change information of the mobile terminal to both 
the reverse channel error rate judgment section 903 and 
the forward channel error-ate judgment section 904. 
Each of the reverse channel error rate judgment section 

so 903 and the forward channel error rate judgment section 
904 judge a communication quality in a manner corre- 
sponding to each moving mode reported by the moving 
speed judgment section 908. On the basis of the judg- 
ment, a transmission power control is performed. 

55 Fig. 10 is a block diagram illustrating a fifth embod- 
iment of the present invention; a subscriber class judg- 
ment section 1009 is added to the configuration in Fig. 
9. 
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In Fig. 10, a digital demodulating section 1001, a 
decoder section 1002, a reverse channel error rate 
judgment section 1003, a forward channel error rate 
judgment section 1004, a reception field strength judg- 
ment section 1005, a selector section 1006, a output 
power control section 1007, and an amplification adjust- 
ment section 1 010 have the similar functions as respec- 
tive functional blocks of a configuration shown in Fig. 9 
except for later-described points. 

A subscriber class judgment section 1009 has a 
function of classifying subscribers of mobile terminals 
currently under communication into a priority subscriber 
class and a general subscriber class by subscriber 
numbers and outputs the information. 

The reverse channel error rate judgment section 
1003 of the radio base station has a predetermined 
value of the worst frame error rate, which is allowable for 
communication in the reverse channel, as the threshold 
value and a continuous degradation counter with its 
threshold of the counter value indicating that reverse 
channel being degraded, for the priority subscribers. 
The forward channel error rate judgment section 1004 
has a predetermined value of the worst frame error rate, 
which is allowable for communication in the forward 
channel, as the threshold value for the priority subscrib- 
ers. 

It is a measure taken for such a case that a judg- 
ment of degradation of communication quality of radio 
signals is to be varied depending on the nature of the 
subscriber. If the mobile terminal has public properties 
such as, for example, usefulness in police stations, fire 
stations, or other government and municipal offices and 
has a higher priority than the general subscribers, it may 
not be preferable in some cases to give the same crite- 
rion as for the general subscribers to control transmis- 
sion power as described above, degrade a channel 
quality when a quality of the channel in other direction 
becomes degraded. 

Accordingly, although a transmission power control 
is performed in the same method as that described 
above for the general subscribers, a threshold for a 
judgment of a quality degradation is set to a relatively 
high level with the control operations as described 
above for a mobile terminal to which the higher priority 
subscriber class is given, so that such a state that is 
judged to be a quality degradation in the mobile terminal 
for the general subscribers is not judged to be a quality 
degradation in the mobile terminal having the higher pri- 
ority. 

Instead, it is possible to apply a method of changing 
a calculation period of an error rate with the same 
threshold in both classes, for example to set a longer 
period for calculating an error rate for the higher priority 
subscriber class so as to prevent a communication qual- 
ity from being judged to be degraded immediately after 
a deterioration of an error rate actually occurs. 

In this manner, there are provided two types of 
judgment means, a general subscriber class and a pri- 


ority subscriber class, for the reverse channel error rate 
judgment section 1003 and the forward channel error 
rate judgment section 1004. 

When the radio base station communicates with the 

5 mobile terminal, the subscriber class judgment section 
1009 obtains a subscriber number of the mobile termi- 
nal from data received in the decoder section 1002 and 
determines whether the mobile terminal is a priority 
subscriber or a general subscriber based on the sub- 

10 scriber number; if it is a priority subscriber, the sub- 
scriber class judgment section 1009 reports the 
information to the reverse channel error rate judgment 
section 1003 and the forward channel error rate judg- 
ment section 1004. When receiving the report of the 

is subscriber class of the mobile terminal under communi- 
cation from the subscriber class judgment section 1009, 
the reverse channel error rate judgment section 1003 
and the forward channel error rate judgment section 
1004 judges a communication quality in a manner cor- 

20 responding to each subscriber class. On the basis of the 
judgment, a transmission power control is performed. 

As described above, the transmission power control 
apparatus according to the present invention is capable 
of reducing interference, in a mobile communication 

25 adopting the CDMA system, with other communications 
caused by a transmission of an excessive power by 
decreasing an output of a channel in one direction (the 
reverse direction or the forward direction) if a communi- 
cation quality of a channel in the other direction is 

30 degraded and is not likely to be improved. 

Although the present invention has been fully 
described by way of the preferred embodiments thereof 
with reference to the accompanying drawings, various 
changes and modifications will be apparent to those 

35 having skill in this field. Therefore, unless these 
changes and modifications otherwise depart from the 
scope of the present invention, they should be con- 
strued as included therein. 

40 Claims 

1 . A transmission power control apparatus provided in 
a radio base station of a mobile communication 
system, adopting a CDMA system, in which there 

45 existing a plurality of mobile terminals, each includ- 
ing a radio signal reception and transmission device 
for radio communication with the radio base station, 
and a forward channel error measuring device for 
measuring a frame error rate of the forward channel 

so radio signals from the radio base station so as to 
report it as a forward channel frame error rate to the 
radio base station, and the radio base station 
including a radio signal transmission and reception 
device for radio communication with the mobile ter- 

55 minal, a reverse channel error detecting device for 
detecting received data errors of the reverse chan- 
nel radio signals from the mobile terminal, and a 
reception field strength measuring device for meas- 
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uring a reception field strength of the reverse chan- 
nel radio signals, the transmission power control 
apparatus comprising: 

a communication quality of the forward channel 5 
judging part for verifying communication quality 
of the forward channel based on the forward 
channel frame error rate reported from the 
mobile terminal, and judging a communication 
quality degradation when the forward channel 10 
frame error rate reported being worse than a 
predetermined threshold value with expecting 
no improvement; and 

a transmission power control part for control- 
ling the transmission power of the forward is 
channel based on the forward channel frame 
error rate reported, and controlling the trans- 
mission power of the reverse channel by pro- 
viding instruction information of a transmission 
power increase to the mobile terminal when the 20 
reception field strength value actually having 
been measured being lower than an expected 
reception field strength value, based on the 
reverse channel frame error rate calculated, as 
the result of comparison, and providing instruc- 25 
tion information of a transmission power 
decrease to the mobile terminal when the 
reception field strength value actually having 
been measured being higher than the expected 
reception field strength value, wherein the 30 
expected reception field strength value being 
set to a lower value than usual when having 
received the information of communication 
quality degradation of the forward channel from 
the communication quality of the forward chan- 35 
nel judging part. 

2. A transmission power control apparatus provided in 
a radio base station of a mobile communication 
system, adopting a CDMA system, in which there 40 
existing a pulrality of mobile terminals, each includ- 
ing a radio signal reception and transmission device 
for radio comminication with the radio base station, 
and a forward channel error measuring device for 
measuring a frame error rate of the forward channel 45 
radio signals from the radio base station so as to 
report it as a forward channel frame error rate to the 
radio base station, and the radio base station 
including a radio signal transmission and reception 
device for radio communication with the mobile ter- so 
minal, a reverse channel error detecting device for 
detecting received data errors of the reverse chan- 
nel radio signals from the mobile terminal, and a 
reception field strength measuring device for meas- 
uring a reception field strength of the reverse chan- 55 
nel radio signals, the transmission power control 
apparatus comprising: 


a forward channel transmission power control- 
ler for controlling a transmission power of the 
forward channel radio signals based on the for- 
ward channel frame error rate obtained by a 
report from the mobile terminal, judging com- 
munication quality of the forward channel 
based on the forward channel frame error rate, 
and outputting information of communication 
quality degradation of the forward channel 
when judging result indicating the forward 
channel frame error rate being worse than a 
predetermined threshold value and expecting 
no improvement; and 

a reverse channel transmission power control- 
ler for comparing an expected reception field 
strength value, based on the reverse channel 
frame error rate calculated, with the reception 
field strength value of the reverse channel radio 
signals actually having been measured, and 
providing instruction information of a transmis- 
sion power increase to the mobile terminal 
when the reception field strength value actually 
having been measured being lower than the 
expected reception field strength value, and 
providing instruction information of a transmis- 
sion power decrease to the mobile terminal 
when the reception field strength value actually 
having been measured being higher than the 
expected reception field strength value, 
wherein the expected reception field strength 
value being set to a lower value than usual 
when having received the information of com- 
munication quality degradation of the forward 
channel from the forward channel transmission 
power controller. 

3. A transmission power control apparatus as in claim 
2, the forward channel transmission power control- 
ler comprising: 

a forward channel error rate judgment section 
for obtaining the forward channel frame error 
rate reported by the mobile terminal, judging 
communication quality of the forward channel 
based on the forward channel frame error rate 
obtained, and outputting the forward channel 
frame error rate and information of communica- 
tion quality degradation in the forward channel 
when judging the forward channel frame error 
rate being worse than a predetermined thresh- 
old value and expecting no improvement; and 
an output power control section for controlling a 
transmission power of the forward channel 
radio signals based on the forward channel 
frame error rate output from the forward chan- 
nel error rate judgment section. 
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4. An apparatus as in claim 2 or 3, the reverse channel 
transmission power controller comprising: 

a reverse channel error rate judgment section 
for calculating a reverse channel frame error s 
rate based on received data errors detected, 
providing an expected reception field strength 
value based on the reverse channel frame error 
rate calculated, and outputting the expected 
reception field strength value with setting to a 10 
lower value than usual when having received 
the information of communication quality deg- 
radation of the forward channel from the for- 
ward channel transmission power controller; 
and 15 
a reception field strength judgment section for 
comparing the expected reception field 
strength value output from the reverse channel 
error rate judgment section with the reception 
field strength value of the reverse channel radio 20 
signals actually having been measured, and 
providing instruction information of a transmis- 
sion power increase to the mobile terminal 
when the reception field strength value actually 
having been measured being lower than the 25 
expected reception field strength value and 
instruction information of a transmission power 
decrease to the mobile terminal when the 
reception field strength value actually having 
been measured being higher than the expected so 
reception field strength value. 

5. A transmission power control apparatus provided in 
a radio base station of a mobile communication 
system, adopting a CDMA system, in which there 35 
existing a pulrality of mobile terminals, each includ- 
ing a radio signal reception and transmission device 

for radio comminication with the radio base station, 
and a forward channel error measuring device for 
measuring a frame error rate of the forward channel 40 
radio signals from the radio base station so as to 
report it as a forward channel frame error rate to the 
radio base station, and the radio base station 
including a radio signal transmission and reception 
device for radio communication with the mobile ter- 45 
minal, a reverse channel error detecting device for 
detecting received data errors of the reverse chan- 
nel radio signals from the mobile terminal, and a 
reception field strength measuring device for meas- 
uring a reception field strength of the reverse chan- 50 
nel radio signals, the transmission power control 
apparatus comprising: 

a communication quality judging part for verify- 
ing communication quality of the forward chan- 55 
nel based on the forward channel frame error 
rate reported from the mobile terminal and 
judging a communication quality of the forward 


channel degradation when the forward channel 
frame error rate reported being worse than a 
predetermined threshold frame error rate for 
the forward channel with expecting no improve- 
ment, and for verifying communication quality 
of the reverse channel based on a reverse 
channel frame error rate calculated by detected 
received data errors and judging a communica- 
tion quality of the reverse channel degradation 
when the reverse channel frame error rate cal- 
culated being worse than a predetermined 
threshold frame error rate for the reverse chan- 
nel with continuing the same state for predeter- 
mined periods of timing; and 
a transmission power control part for control- 
ling the transmission power of the forward 
channel, based on the forward channel frame 
error rate reported, with setting a lower value 
than usual when having received information of 
a degraded communication quality of the 
reverse channel from the communication qual- 
ity judging part, and controlling the transmis- 
sion power of the reverse channel by providing 
instruction information of a transmission power 
increase to the mobile terminal when the 
reception field strength value actually having 
been measured being lower than an expected 
reception field strength value, based on the 
reverse channel frame error rate calculated, as 
the result of comparison, and providing instruc- 
tion information of a transmission power 
decrease to the mobile terminal when the 
reception field strength value actually having 
been measured being higher than the expected 
reception field strength value, wherein the 
expected reception field strength value being 
set to a lower value than usual when having 
received information of communication quality 
degradation of the forward channel from the 
communication quality judging part. 

6. A transmission power control apparatus provided in 
a radio base station of a mobile communication 
system, adopting a CDMA system, in which there 
existing a pulrality of mobile terminals, each includ- 
ing a radio signal reception and transmission device 
for radio comminication with the radio base station, 
and a forward channel error measuring device for 
measuring a frame error rate of the forward channel 
radio signals from the radio base station so as to 
report it as a forward channel frame error rate to the 
radio base station, and the radio base station 
including a radio signal transmission and reception 
device for radio communication with the mobile ter- 
minal, a reverse channel error detecting device for 
detecting received data errors of the reverse chan- 
nel radio signals from the mobile terminal, and a 
reception field strength measuring device for meas- 
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uring a reception field strength of the reverse chan- 
nel radio signals, the transmission power control 
apparatus comprising: 

a forward channel transmission power control- 5 
ler for controlling a transmission power of the 
forward channel radio signals based on the for- 
ward channel frame error rate, obtained by a 
report from the mobile terminal, with setting a 
lower value than usual when having received 10 
information of a degraded communication qual- 
ity of the reverse channel, judging communica- 
tion quality of the forward channel based on the 
forward channel frame error rate, and output- 
ting information of communication quality deg- 15 
radation of the forward channel when judging 
result indicating the forward channel frame 
error rate being worse than a predetermined 
threshold frame error rate of the forward chan- 
nel and expecting no improvement; and 20 
a reverse channel transmission power control- 
ler for comparing an expected reception field 
strength value, based on the reverse channel 
frame error rate calculated, with the reception 
field strength value of the reverse channel radio 25 
signals actually having been measured, and 
providing instruction information of a transmis- 
sion power increase to the mobile terminal 
when the reception field strength value actually 
having been measured being lower than the 30 
expected reception field strength value, provid- 
ing instruction information of a transmission 
power decrease to the mobile terminal when 
the reception field strength value actually hav- 
ing been measured being higher than the 35 
expected reception field strength value, 
wherein the expected reception field strength 
value being set to a lower value than usual 
when having received the information of com- 
munication quality degradation of the forward 40 
channel, judging communication quality of the 
reverse channel based on the reverse channel 
frame error rate calculated, and outputting 
information of communication quality degrada- 
tion of the reverse channel when judging result 45 
indicating the reverse channel frame error rate 
being worse than a predetermined threshold 
frame error rate of the reverse channel and 
continuing the same state for predetermined 
periods of timing. 50 

7. A transmission power control apparatus as in claim 
6, the forward channel transmission power control- 
ler comprising: 

55 

a forward channel error rate judgment section 
for obtaining the forward channel frame error 
rate reported by the mobile terminal, judging 


communication quality of the forward channel 
based on the forward channel frame error rate 
obtained, and outputting the forward channel 
frame error rate and information of communica- 
tion quality degradation of the forward channel 
when judging the forward channel frame error 
rate being worse than a predetermined thresh- 
old frame error rate of the forward channel and 
expecting no improvement; and 
an output power control section for controlling a 
transmission power of the forward channel 
radio signals based on the forward channel 
frame error rate output from the forward chan- 
nel error rate judgment section with setting to a 
lower value than usual when having received 
information of communication degradation of 
the reverse channel. 

8. An apparatus as in claim 6 or 7, the reverse channel 
transmission power controller comprising: 

a reverse channel error rate judgment section 
for calculating a reverse channel frame error 
rate based on received data errors detected, 
providing an expected reception field strength 
value based on the reverse channel frame error 
rate calculated, and outputting the expected 
reception field strength value with setting to a 
lower value than usual when having received 
the information of communication quality deg- 
radation in the forward channel from the for- 
ward channel transmission power controller, 
judging communication quality of the reverse 
channel based on the reverse channel frame 
error rate calculated, and outputting informa- 
tion of communication quality degradation of 
the reverse channel when judging result indi- 
cating the reverse channel frame error rate 
being worse than a predetermined threshold 
frame error rate of the reverse channel and 
continuing the same state for predetermined 
periods of timing; and 

a reception field strength judgment section for 
comparing the expected reception field 
strength value output from the reverse channel 
error rate judgment section with the reception 
field strength value of the reverse channel radio 
signals actually having been measured, and 
providing instruction information of a transmis- 
sion power increase to the mobile terminal 
when the reception field strength value actually 
having been measured being lower than the 
expected reception field strength value and 
instruction information of a transmission power 
decrease to the mobile terminal when the 
reception field strength value actually having 
been measured being higher than the expected 
reception field strength value. 
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9. A transmission power control apparatus provided in 
a radio base station of a mobile communication 
system, adopting a CDMA system, in which there 
existing a plurality of mobile terminals, each includ- 
ing a radio signal reception and transmission device 5 
for radio communication with the radio base station, 
and a forward channel error measuring device for 
measuring a frame error rate of the forward channel 
radio signals from the radio base station so as to 
report it as a forward channel frame error rate to the 10 
radio base station, and the radio base station 
including a radio signal transmission and reception 
device for radio communication with the mobile ter- 
minal, a reverse channel error detecting device for 
detecting received data errors of the reverse chan- 75 
nel radio signals from the mobile terminal, and a 
reception field strength measuring device for meas- 
uring a reception field strength of the reverse chan- 
nel radio signals, the transmission power control 
apparatus comprising: 20 

a communication quality judging part for verify- 
ing communication quality of the forward chan- 
nel based on the forward channel frame error 
rate reported from the mobile terminal and 25 
judging a communication quality of the forward 
channel degradation when the forward channel 
frame error rate reported being worse than a 
predetermined threshold frame error rate for 
the forward channel with expecting no improve- 30 
ment, and for verifying communication quality 
of the reverse channel based on a reverse 
channel frame error rate calculated by detected 
received data errors and judging a communica- 
tion quality of the reverse channel degradation 35 
when the reverse channel frame error rate cal- 
culated being worse than a predetermined 
threshold frame error rate for the reverse chan- 
nel with continuing the same state for predeter- 
mined periods of timing; and 40 
a transmission power control part for control- 
ling the transmission power of the forward 
channel, based on the forward channel frame 
error rate reported, with setting a lower value 
than usual when having received information of 45 
a degraded communication quality of the 
reverse channel, and when having received 
information of a degraded communication qual- 
ity of the forward channel regardless of com- 
munication quality of the reverse channel, from so 
the communication quality judging part, and 
controlling the transmission power of the 
reverse channel by providing instruction infor- 
mation of a transmission power increase to the 
mobile terminal when the reception field 55 
strength value actually having been measured 
being lower than an expected reception field 
strength value, based on the reverse channel 


frame error rate calculated, as the result of 
comparison, and providing instruction informa- 
tion of a transmission power decrease to the 
mobile terminal when the reception field 
strength value actually having been measured 
being higher than the expected reception field 
strength value, wherein the expected reception 
field strength value being set to a lower value 
than usual when having received information of 
communication quality degradation of the for- 
ward channel, and when having received infor- 
mation of communication quality degradation 
of the reverse channel regardless of communi- 
cation quality of the forward channel, from the 
communication quality judging part. 

1 0. A transmission power control apparatus provided in 
a radio base station of a mobile communication 
system, adopting a CDMA system, in which there 
existing a plurality of mobile terminals, each includ- 
ing a radio signal reception and transmission device 
for radio communication with the radio base station, 
and a forward channel error measuring device for 
measuring a frame error rate of the forward channel 
radio signals from the radio base station so as to 
report it as a forward channel frame error rate to the 
radio base station, and the radio base station 
including a radio signal transmission and reception 
device for radio communication with the mobile ter- 
minal, a reverse channel error detecting device for 
detecting received data errors of the reverse chan- 
nel radio signals from the mobile terminal, and a 
reception field strength measuring device for meas- 
uring a reception field strength of the reverse chan- 
nel radio signals, the transmission power control 
apparatus comprising: 

a forward channel transmission power control- 
ler for judging communication quality of the for- 
ward channel based on the forward channel 
frame error rate, outputting information of com- 
munication quality degradation of the forward 
channel when judging result indicating the for- 
ward channel frame error rate being worse than 
a predetermined threshold frame error rate of 
the forward channel and expecting no improve- 
ment, and controlling a transmission power of 
the forward channel radio signals based on the 
forward channel frame error rate, obtained by a 
report from the mobile terminal, with setting a 
lower value than usual when having received 
information of a degraded communication qual- 
ity of the reverse channel, and when having 
judged communication quality of the forward 
channel being degraded regardless of commu- 
nication quality of the reverse channel; and 
a reverse channel transmission power control- 
ler for judging communication quality of the 
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reverse channel based on the reverse channel 
frame error rate calculated, outputting informa- 
tion of communication quality degradation of 
the reverse channel when judging result indi- 
cating the reverse channel frame error rate 5 
being worse than a predetermined threshold 
frame error rate of the reverse channel and 
continuing the same state for predetermined 
periods of timing, comparing an expected 
reception field strength value, based on the 10 
reverse channel frame error rate calculated, 
with the reception field strength value of the 
reverse channel radio signals actually having 
been measured, providing instruction informa- 
tion of a transmission power increase to the 75 
mobile terminal when the reception field 
strength value actually having been measured 
being lower than the expected reception field 
strength value, and providing instruction infor- 
mation of a transmission power decrease to the 20 
mobile terminal when the reception field 
strength value actually having been measured 
being higher than the expected reception field 
strength value, wherein the expected reception 
field strength value being set to a lower value 25 
than usual when having received the informa- 
tion of communication quality degradation of 
the forward channel, and when having judged 
communication quality degradation of the 
reverse channel regardless of communication 30 
quality of the forward channel. 

1 1 . A transmission power control apparatus provided in 
a radio base station of a mobile communication 
system, adopting a CDMA system, in which there 35 
existing a plurality of mobile terminals, each includ- 
ing a radio signal reception and transmission device 
for radio communication with the radio base station, 
and a forward channel error measuring device for 
measuring a frame error rate of the forward channel 40 
radio signals from the radio base station so as to 
report it as a forward channel frame error rate to the 
radio base station, and the radio base station 
including a radio signal transmission and reception 
device for radio communication with the mobile ter- 45 
minal, a reverse channel error detecting device for 
detecting received data errors of the reverse chan- 
nel radio signals from the mobile terminal, and a 
reception field strength measuring device for meas- 
uring a reception field strength of the reverse chan- so 
nel radio signals, the transmission power control 
apparatus comprising: 

a forward channel error rate judgment section 
for obtaining the forward channel frame error 55 
rate reported by the mobile terminal, judging 
communication quality of the forward channel 
based on the forward channel frame error rate 


obtained, and outputting the forward channel 
frame error rate and information of communica- 
tion quality degradation of the forward channel 
when judging the forward channel frame error 
rate being worse than a predetermined thresh- 
old frame error rate of the forward channel and 
expecting no improvement; 
a reverse channel error rate judgment section 
for calculating a reverse channel frame error 
rate based on received data errors detected, 
judging communication quality of the reverse 
channel based on the reverse channel frame 
error rate calculated, outputting information of 
communication quality degradation of the 
reverse channel when judging result indicating 
the reverse channel frame error rate being 
worse than a predetermined threshold frame 
error rate of the reverse channel and continuing 
the same state for predetermined periods of 
timing, providing an expected reception field 
strength value based on the reverse channel 
frame error rate calculated, and outputting the 
expected reception field strength value with 
setting to a lower value than usual when having 
received the information of communication 
quality degradation of the forward channel from 
the forward channel error rate judgment sec- 
tion, and when having judged communication 
quality degradation of the reverse channel 
regardless of communication quality of the for- 
ward channel; 

a reception field strength judgment section for 
comparing the expected reception field 
strength value output from the reverse channel 
error rate judgment section with the reception 
field strength value of the reverse channel radio 
signals actually having been measured, and 
providing instruction information of a transmis- 
sion power increase to the mobile terminal 
when the reception field strength value actually 
having been measured being lower than the 
expected reception field strength value and 
instruction information of a transmission power 
decrease to the mobile terminal when the 
reception field strength value actually having 
been measured being higher than the expected 
reception field strength value; and 
an output power control section for controlling a 
transmission power of the forward channel 
radio signals based on the forward channel 
frame error rate output from the forward chan- 
nel error rate judgment section with setting to a 
lower value than usual when having received 
information of communication degradation of 
the reverse channel, and when having received 
information of communication degradation of 
the forward channel regardless of communica- 
tion quality of the reverse channel. 
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12. A transmission power control apparatus as in claim 
1, further comprising: 

a moving speed measuring part for measuring 
moving speed of the mobile terminal being 
communicating and outputting one of moving 
speed information of a high speed mode or a 
normal speed mode; and 
wherein the communication quality of the for- 
ward channel judging part being provided with 
two types of predetermined threshold values, 
for the normal speed mode and for the high 
speed mode respectively, forjudging a commu- 
nication quality degradation of the forward 
channel. 

13. An apparatus as in claim 2, 3 or 4, further compris- 
ing: 

a moving speed measuring part for measuring 
moving speed of the mobile terminal being 
communicating and outputting one of moving 
speed information of a high speed mode or a 
normal speed mode; and 
wherein the forward channel transmission 
power controller being provided with two types 
of predetermined threshold values, for the nor- 
mal speed mode and for the high speed mode 
respectively, for judging a communication qual- 
ity degradation of the forward channel. 

14. A transmission power control apparatus as in claim 
3 or 4, further comprising: 

a moving speed measuring part for measuring 
moving speed of the mobile terminal being 
communicating and outputting one of moving 
speed information of a high speed mode or a 
normal speed mode; and 
wherein the forward channel error rate judg- 
ment section being provided with two types of 
predetermined threshold values, for the normal 
speed mode and for the high speed mode 
respectively, for judging a communication qual- 
ity degradation of the forward channel. 

15. A transmission power control apparatus as in claim 
5, further comprising: 

a moving speed measuring part for measuring 
moving speed of the mobile terminal being 
communicating and outputting one of moving 
speed information of a high speed mode or a 
normal speed mode; and 
wherein the communication quality judging part 
being provided with two types of predetermined 
threshold values, for the normal speed mode 
and for the high speed mode respectively for 


judging a communication quality degradation of 
the forward channel, and provided with two 
types of predetermined threshold values or two 
types of predetermined periods of timing, for 
5 the normal speed mode and for the high speed 

mode respectively, for judging a communica- 
tion quality degradation of the reverse channel. 

16. An apparatus as in claim 6, 7, or 8 further compris- 
10 ing: 

a moving speed measuring part for measuring 
moving speed of the mobile terminal being 
communicating and outputting one of moving 

is speed information of a high speed mode or a 

normal speed mode; and 
wherein the forward channel transmission 
power controller being provided with two types 
of predetermined threshold values, for the nor- 

20 mal speed mode and for the high speed mode 

respectively, for judging a communication qual- 
ity degradation of the forward channel, and the 
reverse channel transmission power controller 
being provided with two types of predetermined 

25 threshold values or two types of predetermined 

periods of timing, for the normal speed mode 
and for the high speed mode respectively, for 
judging a communication quality degradation of 
the reverse channel. 

30 

17. A transmission power control apparatus as in claim 

9, further comprising: 

a moving speed measuring part for measuring 
35 moving speed of the mobile terminal being 

communicating and outputting one of moving 
speed information of a high speed mode or a 
normal speed mode; and 
wherein the communication quality judging part 
40 being provided with two types of predetermined 

threshold values, for the normal speed mode 
and for the high speed mode respectively, for 
judging a communication quality degradation of 
the forward channel, and provided with two 
45 types of predetermined threshold values or two 

types of predetermined periods of timing, for 
the normal speed mode and for the high speed 
mode respectively, for judging a communica- 
tion quality degradation of the reverse channel. 

50 

18. A transmission power control apparatus as in claim 

10, further comprising: 

a moving speed measuring part for measuring 
55 moving speed of the mobile terminal being 

communicating and outputting one of moving 
speed information of a high speed mode or a 
normal speed mode; and 
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wherein the forward channel transmission 
power controller being provided with two types 
of predetermined threshold values, for the nor- 
mal speed mode and for the high speed mode 
respectively, for judging a communication qual- 
ity degradation of the forward channel, and the 
reverse channel transmission power controller 
being provided with two types of predetermined 
threshold values or two types of predetermined 
periods of timing, for the normal speed mode 
and for the high speed mode respectively, for 
judging a communication quality degradation of 
the reverse channel. 

19. A transmission power control apparatus as in claim 

12, further comprising: 

a subscriber priority judgment part for discrimi- 
nating subscriber class of the mobile terminal 
being communicating and outputting one of 
subscriber class information of a priority class 
or an ordinary class; and 
wherein the communication quality of the for- 
ward channel judging part being provided with 
additional two types of predetermined thresh- 
old values, for the priority class and for the ordi- 
nary class respectively, for judging a 
communication quality degradation of the for- 
ward channel. 

20. A transmission power control apparatus as in claim 

13, further comprising: 

a subscriber priority judgment part for discrimi- 
nating subscriber class of the mobile terminal 
being communicating and outputting one of 
subscriber class information of a priority class 
or an ordinary class; and 
wherein the forward channel transmission 
power controller being provided with additional 
two types of predetermined threshold values, 
for the priority class and for the ordinary class 
respectively, for judging a communication qual- 
ity degradation of the forward channel. 

21. A transmission power control apparatus as in claim 

14, further comprising: 

a subscriber priority judgment part for discrimi- 
nating subscriber class of the mobile terminal 
being communicating and outputting one of 
subscriber class information of a priority class 
or an ordinary class; and 
wherein the forward channel error rate judg- 
ment section being provided with additional two 
types of predetermined threshold values, for 
the priority class and for the ordinary class 
respectively, for judging a communication qual- 


ity degradation of the forward channel. 

22. A transmission power control apparatus as in claim 

15, further comprising: 

a subscriber priority judgment part for discrimi- 
nating subscriber class of the mobile-terminal 
being communicating and outputting one of 
subscriber class information of a priority class 
or an ordinary class; and 
wherein the communication quality judging part 
being provided with additional two types of pre- 
determined threshold values, for the priority 
class and for the ordinary class respectively, for 
judging a communication quality degradation of 
the forward channel, and provided with addi- 
tional two types of predetermined threshold 
values or two types of predetermined periods 
of timing, for the priority class and for the ordi- 
nary class respectively, for judging a communi- 
cation quality degradation of the reverse 
channel. 

23. A transmission power control apparatus as in claim 

16, further comprising: 

a subscriber priority judgment part for discrimi- 
nating subscriber class of the mobile terminal 
being communicating and outputting one of 
subscriber class information of a priority class 
or an ordinary class; and 
wherein the forward channel transmission 
power controller being provided with additional 
two types of predetermined threshold values, 
for the priority class and for the ordinary class 
respectively, for judging a communication qual- 
ity degradation of the forward channel, and the 
reverse channel transmission power controller 
being provided with two types of predetermined 
threshold values or two types of predetermined 
periods of timing, for the priority class and for 
the normal class respectively, for judging a 
communication quality degradation of the 
reverse channel. 

24. A transmission power control apparatus as in claim 

17, further comprising: 

a subscriber priority judgment part for discrimi- 
nating subscriber class of the mobile terminal 
being communicating and outputting one of 
subscriber class information of a priority class 
or an ordinary class; and 
wherein the communication quality judging part 
being provided with additional two types of pre- 
determined threshold values, for the priority 
class and for the ordinary class respectively, for 
judging a communication quality degradation of 
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the forward channel, and provided with addi- 
tional two types of predetermined threshold 
values or two types of predetermined periods 
of timing, for the priority class and for the ordi- 
nary class respectively, for judging a communi- 5 
cation quality degradation of the reverse 
channel. 

25. A transmission power control apparatus as in claim 
18, further comprising: 10 

a subscriber priority judgment part for discrimi- 
nating subscriber class of the mobile terminal 
being communicating and outputting one of 
subscriber class information of a priority class 15 
or an ordinary class; and 
wherein the forward channel transmission 
power controller being provided with additional 
two types of predetermined threshold values, 
for the priority class and for the ordinary class 20 
respectively, for judging a communication qual- 
ity degradation of the forward channel, and the 
reverse channel transmission power controller 
being provided with additional two types of pre- 
determined threshold values or two types of 25 
predetermined periods of timing, for the priority 
class and for the ordinary class respectively, for 
judging a communication quality degradation of 
the reverse channel. 


21 


EP 0 847 146 A2 


o 


Oh 

<LLI 

5QUJ 
<<C0 


DOOlu 

OCLOCO 


00 

o 


QCuj 

5! 


CD 
O 


S 


UJLU 

cow 


en 
o 


1 

1—" 

(5 
Z 

occg 

; lu 

Q_ 

111 Q CD 

ocu_=Sco 


UJ-I 

coyj 

CCZ 
UJZ 

>< 
ceo 


CD 

z 

I- 
< 

_J 

I 32 

id LULU 
QQCO 



22 


EP 0 847 146 A2 


Fig. 2 


L1 



202 

"mobile 
terminal 


RADIO AREA 


23 


EP 0 847 146 A2 


Fig. 3 


( START ) 




OBTAIN FRAME ERROR RATE f 
OF FORWARD CHANNEL 


301 


302 


FRAME ERROR RATE 
OF FORWARD CHANNEL 
> THRESHOLD 
VALUE 


NO 


NO 


303 

'CURRENT" 
"TRANSMISSION POWERS 
OF RADIO BASE STATION 
MAXIMUM ? 

Iyes 


REPORT TO REVERSE CH. 
ERROR RATE JUDGMENT 
SECTION 


SET TRANSMISSION POWER 
BASED ON FRAME ERROR 
RATE 


305 


( END ) 


24 


EP 0 847 146 A2 


Fig. 4 


( START ) 


MEASURE RECEPTION FIELD 
STRENGTH OF REVERSE CH. 

~~ ~ r 


DETECT RECEIVED DATA 
ERROR OF REVERSE CH. 


401 
402 


403 


PREDETERMINED" 
PERIOD ELAPSED ? 
Je.g.,2 sec), 

YES 


CALCULATE FRAME ERROR 
RATE OF REVERSE CH. 


405 


404 


STORE RESULT OF 
ERROR DETECTED 



SET EXPECTED RECEPTION FIELD 
STRENGTH BASED ON FRAME 
ERROR RATE OF REVERSE CH. 


407 


SET EXPECTED RECEPTION FIELD 
STRENGTH LOWER THAN USUAL 
BASED ON FRAME ERROR RATE 
OF REVERSE CH. 


RECEPTION 
FILED STRENGTH 
> EXPECTED RECEPTION FIELD 
STRENGTH ? 


YES 


411 


INSTRUCT MOBILE TERMINAL 
TO DECREASE TRANSMISSION 
POWER 


,NO 



410 

I 

INSTRUCT MOBILE TERMINAL 

TO INCREASE TRANSMISSION 

POWER 



( END ) 


25 


EP 0 847 146 A2 


Fig. 5 


( START ") 


OBTAIN FRAME ERROR RATE 
OF FORWARD CHANNEL 


501 


502 


FRAME ERROR RATE 
OF FORWARD CHANNEL 
> THRESHOLD 
VALUE ? 


NO no 


503 

CURRENT" 
TRANSMISSION POWERS 
OF RADIO BASE STATION 
MAXIMUM ? 


REPORT TO 


REVERSE CH. 


ERROR RATE JUDGMENT 
SECTION 


504 


. REVERSE CHANNEL :>-^ 

^..DEGRADED Ix*^ 

^^r^A 507 

|NO X 

506 

/ 

SET TRANSMISSION POWER 
BASED ON FRAME ERROR 
RATE 

SET TRANSMISSION POWER 
BASED ON FRAME ERROR 
RATE BUT, LOWER THAN USUAL 







26 


EP 0 847 146 A2 


Fig. 6 


( START ) 


601 


MEASURE RECEPTION FIELD STRENGTH OF REVERSE CH. 


I 


DETECT RECEIVED DATA ERROR OF REVERSE CH. 



602 


CALCULATE FRAME ERROR RATE OF REVERSE CH. 


605 



] 


604 


STORE RESULT OF 
ERROR DETECTED 


INCREMENT CONTINUOUS DEGRADATION 
COUNTER 


608 


RESET CONTINUOUS 
DEGRADATION COUNTER 



610 


REPORT TO OUTPUT POWER CONTROL SECTION 
THAT QUALITY OF REVERSE CH. BEING DEGRADED 



SET EXPECTED RECEPTION FIELD 
STRENGTH BASED ON FRAME 
ERROR RATE OF REVERSE CH. 


612 


SET EXPECTED RECEPTION FIELD 
STRENGTH LOWER THAN USUAL BASED 
ON FRAME ERROR RATE OF REVERSE CH 


614 

RECEPTION 
FILED STRENGTH > EXPECTEDVALUj 

YES 6 J 6 


INSTRUCT MOBILE TERMINAL TO 
DECREASE TRANSMISSION POWER 


615 


INSTRUCT MOBILE TERMINAL TO 
INCREASE TRANSMISSION POWER 


( END ) 


27 


EP 0 847 146 A2 


Fig. 7 


( START 


OBTAIN FRAME ERROR RATE 
OF FORWARD CHANNEL 


701 


702 


FRAME ERROR RATE 
OF FORWARD CH. 
> THRESHOLD 
VALUE? 


NO 


NO 


706 


703 

"CURRENT 
TRANSMISSION POWERS 
OF RADIO BASE STATION 
MAXIMUM ? 


REPORT TO REVERSE CH. 
ERROR RATE JUDGMENT 
SECTION 


X 


SET TRANSMISSION POWER 
BASED ON FRAME ERROR 
RATE, BUT, LOWER THAN USUAL 


T 


704 


705 



SET TRANSMISSION POWER 
BASED ON FRAME ERROR 
RATE 


,YES 



707 


/ 

SET TRANSMISSION POWER ! 

BASED ON FRAME ERROR RATE, 

BUT, LOWER THAN USUAL 


C END ) 


28 


EP 0 847 146 A2 


c 


START 

T 


Fig. 8 


801 

MEASURE RECE PTION FIELD STRENGTH OF REVERSE CH. f — ' 
" " I ' 802 



INCREMENT CONTINUOUS 
DEGRADATION CONTER 


RESET CONTINUOUS 
DEGRADATION COUNTER 


1 



1 


810 


REPORT TO OUTPUT POWER CONTROL 
SECTION THAT QUALITY OF REVERSE 
CH. BEING DEGRADED 


SET EXPECTED RECEPTION FIELD 


STRENGTH BASED ON FRAME 
ERROR RATE OF REVERSE CH. 


I 


SET EXPECTED RECEPTION FIELD 
STRENGTH LOWER THAN USUAL BASED 
ON FRAME ERROR RATE OF REVERSE CH. 


SET EXPECTED RECEPTION FIELD 

STRENGTH LOWER THAN USUAL BASED 

ON FRAME ERROR RATE OF REVERSE CH. 
I 


V 

811 


815 



INSTRUCT MOBILE TERMINAL TO 
DECREASE TRANSMISSION POWER 


816 


INSTRUCT MOBILE TERMINAL TO 
INCREASE TRANSMISSION POWER 
~i 


( END ) 


29 


EP 0 847 146 A2 


o 


z 

Oh 
pz 

gig 

5QLU 
<<C0 


SOOuj 

OlOCO 


o 


II 

tr< 

LLO 


oo 


CD 

o 


s 


UJUU 

coco 


in 
o 


X _ 
(!) 

z 

ZLUi_ 

PrHQO 


Q 
LU 
111 

0.(5 
wz 

OuJuj 
22co 


On 



LU —I 

tow 
crz 

UJZ 

>% 

UJX 

ceo 


CD 

z 
< 

_l 

1-Oh 

QOtO 


£L 

UJ< 

Ol- 
UJ< 
CCD 


30 


EP 0 847 146 A2 



a. 

ai< 

Oh 
UJ< 
CTQ 


31 


EP 0 847 146 A2 


CD 
O 
O 


Z 

Oh 
<iu 

Saw 
<<co 


H 

DC 
< 

O 

DC 
CL 


SOOuj 

OtLOCO 


D) 
LL 


o 


li 

LLO 



O 


X 
h- 
C5 
Z 
ZLUi_ 

lzi— ujZ 

UJQcDI 

O-jQO 
UjLLJ^Uj 

DC U. =5 CO 


Z 

O 

CO 
CO 

z< 
<t- 
cc< 

h-Q 


LU —I 

cow 

CEZ 
LUZ 
>< 
LUX 

ceo 


CD 

z 

h- 
< 

i-Qi- 

y LULU 
QQCO 



Z 

o 
I- 

Q. 

LU< 
Oh 
UJ< 

txo 


32 


EP 0 847 146 A2 


Fig. 12 PRIOR ART 


( START ) 


MEASURE RECEPTION FIELD 
STRENGTH OF REVERSE CH. 

I 


DETECT RECEIVED DATA 
ERROR OF REVERSE CH. 


1201 
1202 


1203 


PREDETERMINE?. 
PERIOD ELAPSED ? 
je.g.,2 sec), 

YES 


CALCULATE FRAME ERROR 
RATE OF REVERSE CH. 


CALCULATE EXPECTED 
RECEPTION FIFED STRENGTH 
BY FRAME ERROR RATE OF 
REVERSE CH. 


1204 


1206 


1207 



YES 


1209 


STORE RESULT OF 
ERROR DETECTED 


1205 
1 


J 


INSTRUCT MOBILE TERMINAL 
TO DECREASE TRANSMISSION 
POWER 


NO 


) 

1208 

1 

INSTRUCT MOBILE TERMINAL 

TO INCREASE TRANSMISSION 

POWER 



( END ) 


33 


EP 0 847 146 A2 


Fig. 13 PRIOR ART 

( START ) 


OBTAIN FRAME ERROR 
RATE OF FORWARD CH. 

1301 




OBTAIN THE VALUE OF 
CURRENT TRANSMISSION 
POWER 

Ji 302 




ADJUST TRANSMISSION POWER 
BASED ON FRAME ERROR RATE 
OF FORWARD CH. 

1303 


( END ) 


34 


